Desulfurization of Oil Obtained from the Pyrolysis of Waste Tyres Using Ionic Liquids by Gonasergar, Vickneshwaran
!!
Desulfurization of Oil Obtained from the Pyrolysis of Waste Tyres 







Dissertation submitted in partial fulfilment of 
the requirements for the 







Universiti Teknologi PETRONAS 
32610 Bandar Sri Iskandar  



















A project dissertation submitted to the 
Chemical Engineering Programme 
Universiti Teknologi PETRONAS 
in partial fulfillment of the requirement for the 









(Dr. Muhammad Moniruzzaman)  
 
 









This is to certify that I am responsible for the work submitted in this project, that the 
original work is my own except as specified in the references and 
acknowledgements, and that the original work contained herein have not been 

























The aim of this study is to investigate the possible use of ionic liquids to remove the 
sulfur from the oil produced through the pyrolysis of waste tyres. This study also 
focuses on the selection of the type of ionic liquid used to obtain the best sulfur 
removal, particularly, dibenzothiophene. Liquid-liquid extraction was the preferred 
method in this study followed by an analysis using the analytical instrument Total 
Sulfur Analyzer. The ionic liquids that are considered to be the best is 1-butyl-1-
methylpyrrolidinium dicyanamide [bmPYR][DCA]. The two parameters that were 
tested in this project are stirring period of mixture of pyrolytic oil and the ionic 
liquid and the temperature of the water bath at which the mixture was stirred in. The 
highest percentage of removal of sulfur was around 75% when the mixture of oil and 
ionic liquid was stirred at 40°C for 6 hours. From this project, it has been found that 
for efficient removal of sulfur, the stirring period has to be long enough for the ionic 
liquid to react completely with the pyrolytic oil and also the temperature at which the 
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1.1 Background of study 
The remarkable increase in the number of vehicles worldwide and the lack of both 
technical and economical mechanisms make waste tires a serious pollution problem in 
terms of waste disposal (Juan Daniel Martı´nez et al, 2013). Multiple researches in the 
past have shown that rubber from tires have a calorific value higher than coal and also 
a considerable amount of carbon black. It is for these reasons that it makes sense to 
convert these rubbers into oil through pyrolysis. My area of focus in this research 
would however be on the removal of sufur (desulfurization) from the liquid end 
product of the pyrolysis of tyres.  
The importance of desulfurization has been discussed in many journals. Presence of 
sulfur in the conventional crude oil during refining process tends to poison the 
catalysts used in the refining process. Sulfur compounds are also responsible for 
causing several corrosion problems in pipeline, pumping and refining equipment as 
well as the premature failure of combustion engines and poisoning the catalytic 
converters used in automobile engines (Mohammad Nahid Siddiqui et al 2013).  
Sulfur in the conventional oil has to be removed also to prevent the emission of SOx, 
which is often linked to acid rain phenomena and plays a crucial role in pollution 
problems of large conglomerates (Urszula Domanska, 2014). Hydrodesulfurization 
has long been used as the preferred and standard way of removing sulfur from the 
convention oil. However, with rising stringent rules on sulfur emission, other methods 
need to be explored as well.  !!!
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1.2 Problem Statement 
The current existing method to remove sulfur from oil is the hydrodesulfurization 
(HDS) method. While this method has long been the standard way of desulfurization, 
with current stringent sulfur emission standards, finding for new methods of 
desulfurization is of paramount importance. While countries like the United States of 
America, Canada, Japan and the European Union have adopted Ultra Low Sulfur 
Diesel (ULSD), it still not very common in most Asian countries (Report to Congress 
on Black Carbon, 2012). For example, Mexico adopted ULSD (<15 ppm) in 2009 
while Chile and Brazil have dictated ULSD in urban areas between 2009 and 2013. 
Malaysia required 50 ppm diesel in 2010 and is now requiring 10 ppm diesel in 2015. 
The same goes to Korea. In the South Asia, China is limiting diesel sulfur to ppm in 
Beijing (2008), Hong Kong and Macau.  
 
To suit these standards, certain modifications need to be performed on the existing 
hydrodesulfurization technology. The current HDS technology does not work 
effectively in the ultra-deep desulfurization range down to sulfur content 100 ppm or 
less. The HDS technology uses a hydrogen pressure of 30-100 bar at a temperature of 
350°C. To achieve low sulfur targets, very high temperature and pressure is needed 
besides requiring for a large reactor volume and more active catalyst (Marek 
Krolikowski, et al 2014). These modifications consume a huge amount of costs and 
energy making it uneconomical to pursue such modifications.  
 
Presently, there are many methods of removing sulfur from oil namely UOP Merox 
extraction, oxidation, adsorption and using ionic liquids. The extraction process has a 
sulfur-reducing capacity of about 30% and is therefore unable to produce low sulfur 
end products. Oxidation converts low-level sulfur compounds such as thiophene, 
benzothiphene, dibenzothiophene and their methyl and higher alkyl derivatives into 
sulfones and sulfoxides. These compunds are then extracted by using polar solvents, 
adsorption or cooling. However, a problem with obtaining low-level oil still persists. 
Like extraction processes, adsorption alone does not have the capacity to reach the 
deep desulfurization levels for liquid fuels. Ionic liquids are used as selective agents 
of sulfur compounds because of their novelty and theoretical interest.  
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Usage of ionic liquids is proposed for deep desulfurization through liquid-liquid 
extraction (LLE) because of mild operating conditions and its simplicity (Urszula 
Domanska, 2014). These new ionic liquids, which are organic solvents, are generally 
not volatile non-flammable and revealed large intermolecular interaction mainly via 




The objectives of this project are as follow: 
I. To remove low-level sulfur compunds such as thiophene, benzothiophene, 
methyldibenzothiophene and others using ionic liquids. 
II. To select the ionic liquid that has the best sulfur-removal affinity from the oil 
produced from the pyrolysis of the waste tyres. 
III. To know the chemical composition of oil produced from the pyrolysis of 
waste tyres. 
IV. To know the suitable parameters at which the desulfurization process is 
optimized eg. Rate of stirring, temperature at which the the oil and ionic liquid 
mixture is stirred at. 
 
1.4 Scope of Study 
As discussed in the previous sections, there are many ways to remove sulfur from oil 
such as extraction, adsorption, oxidation and using ionic liquids. This research in 
particular will focus on the selection of the ionic liquid that has the best affinity for 
removing sulfur from the oil and its respective parameters at which the desulfurization 
process is most optimum. Once liquid-liquid extraction has been performed, the 
resulting sample will then be tested using Total Sulfur Analyzer (TSA) available at 








2.1 Pyrolysis of Waste Tyres 
With drastic socio-economic growth, the direct increase in vehicles usage and thus 
increase in scrap tires is inevitable. The complicated structure of scrap tires doesn't 
allow its disposal without thermal degradation (Shahzad, A. 2013). Due to sulfur 
presence and hazardous effects of sulfur compounds, the direct use of scrap tires as an 
alternative fuel is perilous for the environment. The flue gas produced as a result of 
tire burning is a serious threat to the environment. With the passage of time 
alternative techniques were developed for disposal of scrap tires. Pyrolysis is one such 
approach towards scrap tire disposal and utilization of high percentage of carbon for 
energy. In pyrolysis of scrap tires, tires are thermally degraded in the absence of 
oxygen and converted into vapours. The vapours are then condensed into liquid while 
the non-condensable vapours are emitted as gases into the environment and the solid 
residue is left behind in the reactor (Proceedings of the World Congress on 
Engineering, 2014) 
 
FIGURE 2.1. Process flow diagram of tyre pyrolysis 
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2.2 Composition of Oil Produced from Pyrolysis of Waste Tyres 
The pyrolytic oils consist of paraffins, olefins and aromatic compounds. Composition 
of pyrolytic oil varies with different tire compositions and operating conditions of 
pyrolysis. Density, viscosity and flash point of pyrolytic oils are mostly similar to 
those of diesel and gasoline while the high percentage of sulfur in pyrolytic oils needs 
to be separated. The waste tyre pyrolytic liquid is an oily organic compound, dark 
brown in colour and with a strong acrid smell (Mohammad Nahid Siddiqui et al 
2013). 
 









The calorific value of the oil (44MJ/kg) is also higher than that of bituminous coal, 28 
MJ/kg and wood charcoal, 30 MJ/kg which suggests that the oil can be used as liquid 
fuels for industrial furnaces, power plants and boilers. The oil has a relatively low ash 
content and residual carbon. The oil have high carbon content leading to the 
production of high value carbon materials for various applications (Shahzad, A. 
2013). 
The olefinic composition of the waste tyre pyrolytic oil is similar to that of 
condensates from petroleum residues cracking and thermal steam cracking of 
gasoline. Hence, pyrolytic oil may be blended witht these condensates and subjected 
to the same thermal treatment (Ahmad, M.A. 2013).  
5!
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2.3 What is an Ionic Liquid? 
An ionic liquid is a salt in which the ions are poorly coordinated, which results in 
these solvents being liquid below 100°C, or even at room temperature (room 
temperature ionic liquids, RTIL's). At least one ion has a delocalized charge and one 
component is organic, which prevents the formation of a stable crystal lattice. The 
methylimidazolium and pyridinium ions have proven to be good starting points for the 
development of ionic liquids (Gmehling, O., 2013). 
 
Properties, such as melting point, viscosity, and solubility of starting materials and 
other solvents, are determined by the substituents on the organic component and by 
the counterion. Many ionic liquids have even been developed for specific synthetic 
problems. For this reason, ionic liquids have been termed "designer solvents" (BASF, 
retrieved: 2015). The absence of volatility is one of the most important benefits of 
ionic liquids, offering a much lower toxicity as compared to low-boiling-point 
solvents.  
 
One of the first RTILs was a mixture of [emim]Cl with AlCl3 forming a series of 
equilibria between [emim][AlCl4], [emim][Al2Cl7], and [emim][Al3Cl10]. This RTIL 
is not water stable. The discovery of water-insoluble RTILs such as [bmim][PF6] 
allowed the development of new work-up methods, including the separation of water-
soluble byproducts by simple extraction. Some transition metal catalysts that are 
soluble in ionic liquids may be recycled together with the ionic liquid, after extraction 
with water and the non-polar organic solvent used for product separation. The catalyst 








2.4 Methods to Remove Sulfur  
There are many ionic liquids that can be used in the removal of sulfur from the oil. 
However, the two important parameters that need to be taken into consideration in the 
proper selection of the ionic liquid would be solute distribution ratios, β and 
selectivity, S. Klaudia Walczak, 2014, conducted a research on the selectivity of 1-
alkylpyrrolidinium-based ionic liquids ith different anions in ternary liquid-liquid 
extraction (ionic liquid + thiophene + heptane) at a T = 298.15K. The highest 
selectivity (Smax = 133.4) with high solute distribution ratio (β = 3.47) was found to be 
for 1-butyl-1-methylpyrrolidinium tricyanomethanide [BMPYR][TCM]. The 
experiment was conducted with two other ionic liquids namely 1-butyl-1-
methylpyrrolidinium trifluoromethanesulfonate [BMPYR][CF3SO3] and I-hexyl-3-
methylimidazolium tetracyanoborate [HMIM][TCB]. 
This experiment also explains that the ionic liquid which is the entrainer should not be 









FIGURE 2.2: Plot of the selectivity as a function of the mole fraction of solute in the 
hydrocarbon rich phase for the ternary system. ●- system with CF3SO3 + thiophene + 
heptane, ○- system with CF3SO3 + benzothiophene + heptane, ▲- TCM + 
benzothiophene + heptane, ■-TCB + thiophene + heptane, □- TCB + benzothiophene 




In another project conducted by Borja Rodriguez et al, 2013, desulfurization was 
performed through liquid-liquid extraction using only 1-ethyl-3-methylimidazoliumm 
ionic liquids. This research paper claims that although in earlier researches 
polysubstituted pyridinium-based ionic liquids are usually proposed for 
desulfurization of fuel oils, this particular ionic liquid shows better selectivities and is 
a good alternative for this application. Another major revelation in this research is that 
despite the influence of the anion on the solubilities and selectivities of the 
desulfurization process is important, the influence of the cation is bigger. This 
research also took selectivity as their basis of choosing the right ionic liquid instead of 
solubility. According to the results of this research, pyridium ionic liquid showed 
higher solubilities and lower selectivities than imidazoliums. They assume that 
recovery of ionic liquids can be carried out therefore selectivity is is considered as the 













FIGURE 2.3: Selectivity values for the ternary system: ● – NTf2 + thiophene + 
toluene, ○-EtSO4 + thiophene + toluene, ▼ – NTf2 + thiophene + toluene, ∆- OAc + 






According to Dharaskar, S. et al (2012), deep removal of sulfur from model liquid 
fuels was performed using the ionic liquid 1-butyl-3-methylimidazolium chloride. 
This particular IL is proposed to be a novel extractive solvent because it has the 
ability to remove sulfur compunds that are not able to be removed using the common 
desulfurization technique. This team has found that [Bmim][Cl] was the most 
effective in the removal of dibenzothiophene containing model liquid fuels and it can 
reach to 77.15% for a single stage extraction at 30℃ in 90 minutes. 
 
The table below shows the desulfurization efficiency of [bmim][Cl] in model fuels 
which was reused for three times without regeneration. The used ionic liquid was able 
to extract dibenzothiophene from model fuels even without regeneration, however, at 
a lower efficiency.  
 
















Ursula Domanska & Michal Wlatzo, 2014, came up with a research paper that 
compared the effect of cations and anions of 21 different ionic liquids. This gives a 
comparison on the activity of different types of ionic liquids. Like the previous 
researches, liquid-liquid extraction is used. The basis of choosing the best solvent are 
solute distribution coefficient and solubility. According to this report, 1-butyl-4-
methylpyridinium dicyanamide [BMPY][DCA], 1-butyl-1-
methylpyrrolidiniumndicyanamide [BMPYR][DCA] and N-butyl-N-
methylmorpholinium tricyanomethanide [BMMOR][TCM] showed high selectivities 
and (>200) and high distribution coefficients (>1.2) for sulfur extraction. 
 






















The sulfur in liquid oil produced from the pyrolysis of waste tyres is mainly in the 
form of thiophenes, benzothiazoles, benzothiophenes, dibenzothiophenes, and their 
alkylated derivatives while minor groups were also found such as naphthothiophenes, 
benzonaphthothiophenes, and their alkylated derivatives (Ritthichai Yuwapornpanit & 
Sirirat Jitkarnka, 2014). This gives an idea on which particular low-level sulfur 
compounds to be removed. The present research would be performed by removing 
thiophene and benzothiphene.  
 
A study done by Yue-Qin Cai et al (2014) used 1,2-dimethylimidazolium ionic liquids 
to remove the sulfur. The reason for choosing this ionic liquid is because the 
imidazolium cations could not interact easily with the π-systems in the 1,3-
dialkylimdazolium form due to the H(2) acidic proton was strongly linked to the 
anion by hydrogen bonding and aromatic molecules could not cleave this hydrogen 
bond. 
 























3.1 Sample Preparation 
3.1.1 Materials 
The oil from the pyrolysis of waste tyres will be given to me by a student undergoing 
her Final Year Project 2. From the research papers that I have stated in the previous 
sections, I have stated that I will be using 1-butyl-4-methylpyridinium dicyanamide 
[bmPY][DCA] and 1-butyl-1-methylpyrrolidinium dicyanamide [bmPYR][DCA] by 
purchasing them through the help of the lab technicians. However, upon heeding the 
advice given to me by the research officer, Siti Hawa, I have decided to synthesize my 
own ionic liquid. From the raw materials that are present in the laboratory at Block 4, 
I have also chosen to synthesize only 1 of the ionic liquid namely 1-butyl-
1methylpyrrolidinium dicyanamide because of economical reasons. 
 
1) Obtaining the Pyrolytic Oil from Waste Tyres 
The oil that was given to me was obtained from Professor Yoshimitsu Eumera from 
Block 5. Upon receiving the sample oil, the research officer had informed that the 
quantity of the oil sample is too small and that it would be difficult to do the testing 
with the ionic liquid later on. A good 3 weeks were spent on securing a high quality 
pyrolytic oil for this project. Most of the companies supplying pyrolytic oil are 
located in the east coast of the Peninsular Malaysia and was proven difficult to go 
there due to its distance. After about the first 2 weeks of intense researching, a 
company named Eco-Materials was found to be specializing in this industry and is 
located in Gopeng, which is about 20 km from Universiti Teknologi Petronas. The 
company agreed to give me a sample of 250 ml of pyrolytic oil for free of charge. The 
12!
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conditions at which the pyrolytic oil are obtained were not revealed by the person in 












FIGURE 3.1: (Left) The sample oil given by the senior student which was not 
sufficient in order to proceed with my project and (right) the oil sample given by the 
Eco-Materials factory. 
 
2) Deciding Between Purchasing or Synthesizing the Ionic Liquid 
It was initially planned that I will be purchasing the ionic liquid from Merc Malaysia 
which has sent me the quotation for the required ionic liquid. However, after much 
discussion with the research officer, it was then decided to synthesize the ionic liquid 
in the laboratory. This decision was reached due to the fact that the delivery time of 
the ionic liquid would be very long which could take up to 6 months and also due to 












FIGURE 3.2: The quotation slip from Merc Malaysia. 
 
 
3.1.2 Experimental procedures 
a) Synthesis of 1-butyl-1-methylpyrrolidinium dicyanamide 
1. Methyl pyrrolidine and 1-bromobutane were heated under reflux in acetonitrile at    










FIGURE 3.3: Methyl pyrrolidine and 1-bromobutane heated under reflux. 
 
2. The solvent was removed and the resulting liquid was dissolved in dichloromethane  
14!
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    to crystalise from toluene at -50°C within 12 hours. The slighly yellow product was              
    wished with toluene. 
3. The product is then dried in vacuum at 60°C until the product turns white. 
4. The product, 1-butyl-1methylpyrrolidinium bromide, and sodium dicyanamide  
    were stirred for 12 hours in dichloromethane. 
5. After filtration, the product was washed with 10 ml of water three times and the     










FIGURE 3.4: The residual viscuous liquid left after filtration 
 
6. Subsequently, the residual viscous liquid was dried in vacuum at 100°C for 48  















FIGURE 3.5: The product before drying. 
 
 
3.2 Sample Characterization 
The Nuclear Magnetic Resonance spectroscopy was used to determine the purity of 
the ionic liquid synthesized. Nuclear Magnetic Resonance (NMR) spectroscopy is an 
analytical chemistry technique used in quality control and reserach for determining 
the content and purity of a sample as well as its molecular structure. For example, 
NMR can quantitatively analyze mixtures containing known compounds. For 
unknown compounds, NMR can either be used to match against spectral libraries or 
to infer the basic structure directly. Once the basic structure is known, NMR can be 
used to determine molecular conformation in solution as well as studying physical 
properties at the molecular level such as conformational exchange, phase changes, 
solubility, and diffusion. 
 
3.2.1 How NMR works? 
The principle behind NMR is that many nuclei have spin and all nuclei are electrically 
charged. If an external magnetic field is applied, an energy transfer is possible 
between the base energy to a higher energy level (generally a single energy gap). The 
energy transfer takes place at a wavelength that corresponds to radio frequencies and 
when the spin returns to its base level, energy is emitted at the same frequency. The 
16!
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signal that matches this transfer is measured in many ways and processed in order to 
yield an NMR spectrum for the nucleus concerned. 
When the excited nuclei in the beta orientation start to relax back down to the alpha 
orientation, a fluctuating magnetic field is created. This fluctuating field generates a 
current in a receiver coil that is around the sample. The current is electronically 
converted into a peak. It is the relaxation that actually gives the peak not the 
excitation. 
A peak will be observed for every magnetically distinct nucleus in a molecule. This 
happens because nuclei that are not in identical structural situations do not experience 
the external magnetic field to the same extent. The nuclei are shielded or deshielded 
due to small local fields generated by circulating sigma, pi and lone pair electrons. 
 
The general rule of thumb in analyzing the NMR spectroscopy is that, The number of 
peaks is directly related to symmetry. If a compound has three significantly different 
types of hydrogens, it should have three different NMR absorptions. The relative 
areas (or integrals) of the various absorptions in an NMR spectrum equals the relative 
number of hydrogens absorbing. If we know the molecular formula of a compound, 
we can use this ratio to figure out the actual number of each type of hydrogen. From 









FIGURE 3.6: NMR spectroscopy of [BMPYR][DCA]. The value indicated on the 








KEY PROJECT MILESTONES 
 
Throughout the course of the this project so far, many adjustments have been made to 
further improve the execution and the smoothness of this project. Though the major 
key project milestones have been indicated in the next few pages, there are also some 
important events that have taken place which are considered key milestones. The first 
challenge was to acquire a quality pyrolytic oil sample since the existing one was too 
little. Eco-Materials have been nothing but helpful in the entire process. Having 
acquired the sample of pyrolytic oil has immensely lighten my workload by not 
purchasing it from companies from the east coast of Peninsular Malaysia. 
 
The second challenge was the sudden switch from purchasing the ionic liquids to 
synthesizing them in the lab. The process of synthesizing ionic liquids can be tedious 
and cumbersome. A few days were spent on searching for the procedure to synthesize 
the required ionic liquid. Familiarising oneself with the new analytical instruments in 
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Submission of Interim Draft Report                             
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Submission of Project Dissertation (Soft 
Bound) 
                          
∆ 
  
Submission of Technical Paper                             
Viva                           ∆  
Submission of Project Dissertation (Hard 
Bound) 
                            
CHAPTER 4: GANTT CHART 
 








RESULTS AND DISCUSSION 
 
The percentage removal of sulfur is calculated using the formula below: 











FIGURE 5.1: Percentage removal of dibenzothiophene with increasing temperature 





























From the graph, it can be observed that maximum removal of dibenzothiophene 
occurs at a temperature of 40°C and that of which has been stirred for 6 hours. The 
rate of desulfurization decreases with increasing temperature and decreasing stirring 
period. 
 
High percentage removal of sulfur from oil is usually due to the strong interaction 
between the aromatic sulfur compounds and the ILs. The π-π bond in a sandwich like 
manner explains this interaction. However, the pyrrolidnium based ILs used in this 
experiment is without an aromatic cation. This might be explained by the possible 
hydrogen bonding of the hetero-atoms of sulfur compounds with the IL cation.  
 
Molecules with highly polarizable π-electron density preferably insert into the 
molecular structure of the ionic liquids. From the graph, it can be observed that 
maximum removal of dibenzothiophene occurs at a temperature of 40°C and that of 
which has been stirred for 6 hours. The rate of desulfurization decreases with 
increasing temperature and decreasing stirring period. 
 
 






Rate of desulfurization gradually decreases with stirring period because the longer the 
IL is allowed to mix with the oil, the better the extraction rate. The general trend of 
the line is that it decreases with time because the amount of dibenzothiophene present 
in the oil reduces and therefore the rate of extraction also decreases.  
Rate of desulfurization decreases with increasing temperature because this particular 
IL forms hydrogen bonding with the hetero-atoms of sulfur compounds. High 





























CONCLUSION AND RECOMMENDATION 
 
Pyrolysis of waste tyres is one of the many ways in which waste tyres can safely be 
disposed and the ability to derive oil from it only adds to its benefits. From the 
literature about the desulfurization of oil produced from the pyrolysis of waste tyres, 
it is found that different ionic liquids have different affinities for sulfur removal. This 
research would use the ionic liquids 1-butyl-1-methylpyrrolidinium dicyanamide 
[bmPYR][DCA] to remove the low-level sulfur compunds such as thiophene, 
benzothiophene and others. 
 
Besides that, the two important parameters that were tested are effect of temperature 
and stirring period on the percentage removal of sulfur. Based on the literature, the 
effect of these two parameters on the percentage removal of sulfur is discussed in the 
previous section. Using the ionic liquid [BMPYR][DCA], highest removal of sulfur 
obtaained at 40°C and that of stirred for 6 hours. 
 
The only recommendation that I would suggest is that, the technicians at Block 4 are 
encouraged to test the usability of analytical instruments so that the students can be 
prepared beforehand. Informing the students that a particular instrument cannot be 







![1]! A. Bosmann, L. D. (2005). Deep desulfurization of diesel fuel by extraction with 
ionic liquids. 47(2), 449-451. 
[2] Borja Rodriguez-Cabo, A. A. (7 May, 2013). Desulfurization of fuels by liquid-liquid 
extraction with 1-ethyl-3-methylimidazolium ionic liquids. 356, 126-135. 
[3] Chu Xuemei, H. Y. (30 January, 2008). Desulfurization of diesel fuel by extraction 
with [bf4] anion based ionic liquids. 16(6), 881-884. 
[4] H. Rang, J. K. (2006). Advances in desulfurization research of liquid fuel. 23(2). 
[5] Michal Wlazlo, U. D. (20 March, 2014). Effect of the cation and anion of the ionic 
liquid on desulfurization of model fuels. 134. 
[6] Mohammad Nahid Siddiqui, K. R. (2013). Desulfurization of model fuels oil using 
novel ionic liquids. 58(1), 1022-1023. 
[7] Nasrallah M. Deraz, S. A.-E. (2 November, 2013). Environmental evaluation for 
desulfurization of gas oil with [BMIM][FeCl4] based on catalytic ionic liquids at 
room temperature. 7, 387-393. 
[8] Natalya V. Likhanova, D. G.-L.-A.-P. (10 December, 2009). Ionic liquids screening 
for desulfurization of natural gasoline by liquid-liquid extraction. 777-787. 
[9] Swapnil A. Dharaskar, K. L. (2013). Deep removal of sulfur from model liquid fuels 
using 1-butyl-3-methylimidazolium chloride. 51, 416-422. 
[10] Urszula Domanska, K. W. (2014). Extraction Desulfurization Process of Fuels with 
Ionic Liquids. Science Direct, 40-45. 
[11] Yue-Qin Cai, G.-H. S.-N. (29 July, 2014). Desulfurization Using the 1,2-









 The list of ionic liquids that have been tested before with crude oil
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
25!
! 11!
 
 
 
26!
! 12!
 
 
27!
! 13!
 
 
 
 
 
 
  
28!
! 14!
 
 
 
 
 
 
 
 
  
 
 
 
 
29!
! 15!
 
30!
Ef
fic
ie
nc
y 
of
 d
iff
er
en
t i
on
ic
 li
qu
id
s i
n 
re
m
ov
in
g 
su
lfu
r 
